abstract BACKGROUND: Use of electronic cigarettes (e-cigarettes) among adolescents has increased since their introduction into the US market in 2007. Little is known about the role of e-cigarette psychosocial factors on risk of e-cigarette or cigarette use in adolescence.
Little is known about the role of e-cigarette psychosocial factors on risk of e-cigarette or cigarette use in adolescence.
METHODS:
Information on e-cigarette and cigarette psychosocial factors (use and attitudes about use in the home and among friends) was collected from 11th-and 12th-grade participants in the Southern California Children's Health Study during the spring of 2014.
RESULTS: Of 2084 participants, 499 (24.0%) had used an e-cigarette, including 200 (9.6%) current users (past 30 days); 390 participants (18.7%) had smoked a combustible cigarette, and 119 (5.7%) were current cigarette smokers. Cigarette and e-cigarette use were correlated. Nevertheless, 40.5% (n = 81) of current e-cigarette users had never smoked a cigarette. Psychosocial factors (home use of each product, friends' use of and positive attitudes toward e-cigarettes and cigarettes) and participant perception of the harm of e-cigarettes were strongly positively associated both with e-cigarette and cigarette use. Most youth who reported e-cigarette use had friends who used e-cigarettes, and almost half of current users reported that they did not believe there were health risks associated with e-cigarette use.
CONCLUSIONS: Longitudinal studies of adolescents are needed to determine whether the strong association of e-cigarette psychosocial factors with both e-cigarette and cigarette use will lead to increased cigarette use or dual use of cigarettes and e-cigarettes, or whether e-cigarettes will serve as a gateway to cigarette use.
WHAT'S KNOWN ON THIS SUBJECT:
Electronic cigarette (e-cigarette) use in adolescence is increasing. E-cigarette use has been associated with cigarette use, but there has been little study of other psychosocial risk factors for e-cigarette use and their relationship with cigarette use.
WHAT THIS STUDY ADDS:
Approval and use of e-cigarettes and cigarettes among friends and family were strongly associated with cigarette and e-cigarette use in a cohort of adolescents in southern California.
Awareness and use of electronic cigarettes (e-cigarettes) have increased in adolescent and emerging adult populations since their introduction into the US market in 2007. 1 The National Youth Tobacco Survey (NYTS), a nationally representative cross-sectional survey of adolescents in the United States from the 6th through 12th grades, found an increase in current (past 30 day) e-cigarette use from 2011 to 2014 among high school students (1.5% in 2011, 2.8% in 2012, 4.5% in 2013, 13 .4% in 2014). [2] [3] [4] [5] [6] In 2014, both the NYTS and the Monitoring the Future Study found higher rates of current e-cigarette use than cigarette use. 6, 7 Although e-cigarette use has been strongly associated with cigarette use, 5, 8, 9 to date the upward trend in e-cigarette use has not been accompanied by an increase in smoking; current (past 30 day) cigarette use among adolescents actually decreased from 2011 to 2014 (NYTS: 15.8% in 2011, 14.0% in 2012, 12.7% in 2013, 9.2% in 2014). 3, 4, 6 A better understanding of risk factors potentially common to cigarette and e-cigarette use may help predict future trends in cigarette and dual use and guide preventive interventions. For example, psychosocial characteristics, including parental and peer cigarette use and the perception of smoking as acceptable or normative among peers, 10 are strong predictors of cigarette use in adolescence. However, such risk factors have not yet been studied for e-cigarette use. An adolescent social environment in which e-cigarettes are more widely accepted (as measured through home and peer use and acceptance of use) could potentially lead to increased use and a normalization of e-cigarette use, which may then be accompanied by a "renormalization" of linked attitudes toward cigarette use and subsequent increases in cigarette use or dual use in adolescent populations. [11] [12] [13] In this study, we examined the prevalence of e-cigarette and cigarette use in 2014 in 11th-and 12th-grade adolescents in southern California and evaluated psychosocial factors associated with cigarette and e-cigarette use. We hypothesized that (1) the prevalence of e-cigarette use in southern California adolescents would be higher than cigarette use, reflecting trends observed nationally in recent years; (2) a substantial proportion of adolescent e-cigarette users would have no history of cigarette use; and (3) psychosocial factors indicating a social environment favorable to e-cigarette or cigarette use (home use of e-cigarettes and cigarettes, greater number of friends using these products, and friends' positive attitudes toward e-cigarette and cigarette use) and perceptions of e-cigarettes as harmless would be associated both with higher e-cigarette and cigarette use.
METHODS

Study Sample
We studied 2084 11th-and 12th-grade participants (mean 6 SD age: 17.3 6 0.6 years) in the Children's Health Study (CHS), a cohort originally developed to study the health consequences of air pollution. This cohort has been followed yearly since enrollment in 2002-2003, when participants were in kindergarten or first grade, from entire classrooms in schools in 12 communities throughout southern California (see Supplemental Information). 14 Data for this analysis were collected between January 2014 and June 2014 by self-administered questionnaire, completed by students supervised by study staff in their high schools.
Measures
Sociodemographic Characteristics
Gender, ethnicity (Hispanic white, non-Hispanic white, other), family income (,$30 000/year, $30 000-$74 000/year, $$75 000/year), and parental education (,12th grade, high school diploma or GED [general educational development], some college, college degree, some graduate school or higher) were collected by self-administered questionnaires completed by parents of participants at study enrollment (in 2002-2003) . The highest level of education attained by either parent was used in all analyses.
Current and Past Use of Tobacco and Alternative Nicotine Products
Questionnaires administered to students in 2014 assessed the use of tobacco and alternative tobacco products, including cigarette and e-cigarette use. Students were asked whether they had tried each type of product ("How old were you when you first tried these products?") and the number of days each product was used in the past 30 days ("During the past 30 days, on how many days did you use these products?") for e-cigarettes ("electronic or e-cigarette, even one or two puffs") and cigarettes ("cigarette, even one or two puffs"). Participants who had "never tried" cigarettes or e-cigarettes (ie, not "even one or two puffs") were classified as "never users." Those who had used cigarettes or e-cigarettes but not in the past 30 days were classified as "past users." Participants who had used a product on at least 1 of the past 30 days were classified as "current users" of that product. Participants missing data were excluded from analyses (see Supplemental Information).
Psychosocial Characteristics
Psychosocial factors were evaluated by using the following questions: (1) friends' use ("How many of your 4 closest friends use these products?": 0-4 friends); (2) friends' attitudes ("How would your best friends act toward you if you used these products?": very unfriendly, unfriendly, friendly, or very friendly), and (3) home use ("Does anyone who lives with you now use these products?": yes or no). We additionally assessed participants' perceptions of the harm of each product ("Do you think using these products would be bad for your health?": strongly agree, agree, disagree, or strongly disagree).
Statistical Analysis
Polytomous regression models were used to evaluate psychosocial factors as predictors of current or past tobacco product use with the use of 3 outcome categories: never users (reference group), past users, and current users. Separate models were used for each predictor due to collinearity between factors. Odds ratios (ORs) and 95% confidence intervals (CIs) were computed to estimate the risk of current or past use of each product relative to never use. Formal tests of heterogeneity were used to evaluate differences between risk factor ORs for current users and for past users. Trend analyses were completed for ordinal psychosocial factors by modeling each factor as a continuous predictor (0/1/2). Formal tests of interaction were used to evaluate whether effect estimates differed by demographic characteristics (ethnicity [Hispanic versus non-Hispanic], gender). All models were adjusted for sociodemographic variables (gender, ethnicity, family income, highest parental education, and community [as a fixed effect]) hypothesized a priori to be associated both with psychosocial factors and with cigarette and e-cigarette use. We additionally conducted sensitivity analyses including school as a fixed effect; patterns were similar to models adjusting for community. A level of significance of a # 0.05 was used in all statistical analyses. Reported P values are 2-sided. Analyses were performed by using Stata version 13.1 (StataCorp, College Station, TX).
Ethics Statement
The study was approved by the University of Southern California Institutional Review Board. Written informed consent was obtained before data collection. Twenty-four percent of adolescents (n = 499) reported any lifetime e-cigarette use; 9.6% (n = 200) were current users (past 30 days) and 14.4% (n = 299) were past users (Table 2) . Notably, a lower proportion of adolescents (n = 390; 18.7%) had ever smoked a cigarette; 5.7% (n = 119) were current cigarette smokers and 13.0% (n = 271) were past cigarette smokers. Among e-cigarette users, 40.5% of current users and 44.2% of past users had never smoked a cigarette. Dual-current use (of cigarettes and e-cigarettes) was reported by 66 adolescents (3.2% of the total sample; 33.0% of current e-cigarette users). Current cigarette smoking was strongly associated with both current (OR: 62.9; 95% CI: 35.6-111) and past (OR:17.1; 95% CI: 9.42-31.2) e-cigarette use after adjustment for sociodemographic variables.
RESULTS
The
E-cigarette use, especially current use, was strongly associated both with e-cigarette and cigarette psychosocial factors (home environment and friends' use and attitudes toward e-cigarettes and cigarettes; Table 3 ). For example, 34% of current e-cigarette users had another e-cigarette user at home, compared with only 7.3% of never users (OR: 6.80; 95% CI: 4.71-9.83); a cigarette smoker at home was also associated with higher odds of current e-cigarette use (OR: 2.79; 95% CI: 2.01-3.86). Among current e-cigarette users, 49.5% had 3 or 4 friends who used e-cigarettes, compared with only 3.4% of never users (adjusted OR:104; 95% CI: 60.5-179), and 91.0% of current users indicated that they would receive a positive response to their use from their best friends ("friendly" or "very friendly"), whereas only 30.7% of never users predicted the same ("friendly" versus "unfriendly/ very unfriendly": adjusted OR: 18.6; 95% CI: 10.9-31.6; "very friendly" versus "unfriendly/very unfriendly": adjusted OR: 37.0; 95% CI: 20.9-65.5). We observed trends of greater risk of current e-cigarette use both with greater number of friends using e-cigarettes and with a more favorable reaction to e-cigarettes by participants' best friends (P , .05).
Most participants "strongly agreed" or "agreed" that both e-cigarettes (86.0%) and cigarettes (98.6%) are bad for health (Tables 3 and 4) . However, the proportion of adolescents who disagreed that e-cigarettes were bad for their health varied greatly by e-cigarette use (nearly half of all current users, but only 7.5% of never users; OR: 23.5; 95% CI: 15.3-36.1; Table 3 ). Very few participants disagreed that cigarettes were bad for their health (n = 30; 1.4%; Table 4 ). Nearly all risk factors in Table 3 were more strongly associated with increased current e-cigarette use than with past use relative to never use.
Psychosocial factors indicating a positive e-cigarette social environment were more common than factors indicating a positive cigarette social environment (Tables  3 and 4 ). For example, 49.5% of current e-cigarette users had 3 or 4 best friends who also used e-cigarettes, but only 27.7% of cigarette users reported that 3 or 4 best friends smoked (P difference , .001). Although 91.0% of e-cigarette users perceived that their friends would react positively to their e-cigarette use, a positive reaction to cigarette use was perceived by only 75.6% of cigarette users (P difference , .001).
Notably, associations between e-cigarette psychosocial factors and cigarette use were as strong as those between cigarette psychosocial factors and cigarette use (with the exception of number of friends using e-cigarettes or cigarettes; Table 4 ). For example, e-cigarette use by other household members was associated with almost 4 times the odds of current cigarette use (OR: 3.71; 95% CI: 2.33-5.92), and adolescents indicating "friendly" or "very friendly" reactions from friends to e-cigarette use were substantially more likely to currently use cigarettes (OR very friendly : 13.3; 95% CI: 7.12-24.7).
Overall, product-specific psychosocial factors were stronger predictors of e-cigarette use than cigarette use (Tables 3 and 4) . For example, a "very friendly" reaction to e-cigarette use was associated with 37 times the odds of current e-cigarette use (95% CI: 20.9-65.5), whereas a "very friendly" reaction to cigarette use was associated with 9 times the odds of current cigarette use (95% CI: 5.29-16.7).
Ethnicity (Hispanic versus nonHispanic) modified the association of most psychosocial factors and harm perception variables with e-cigarette and cigarette use (Supplemental Tables 5 and 6 ). Psychosocial factors were more strongly associated both with e-cigarette and cigarette use among non-Hispanic youth than among Hispanic youth. For example, 18.6% of Hispanic adolescents currently using e-cigarettes had no friends using e-cigarettes, compared with 79.1% of never users; among non-Hispanic adolescents, 4.7% of current e-cigarette users and 81.2% of never e-cigarette users had no friends using e-cigarettes (Supplemental Table 5 ). The association between the number of friends using cigarettes and current cigarette use was also stronger among non-Hispanic youth than among Hispanic youth. Although 17.5% of Hispanic current smokers and 78.8% of Hispanic nonsmokers had no friends who smoked, 8.3% of non-Hispanic current smokers and 82% of nonsmokers had no friends who smoked cigarettes (Supplemental Table 6 ).
DISCUSSION
We observed higher rates of e-cigarette use than cigarette use in this sample of southern California adolescents. The prevalence of e-cigarette use was similar to the prevalence reported in regional studies in Connecticut 9 and in Hawaii 15 and to the prevalence of use in the 2014 Monitoring the Future Study 7 and in the 2014 NYTS. 6 Nearly one-fourth of adolescents in our study reported having ever used e-cigarettes, and almost 10% of adolescents reported current use, which is considerably higher than rates of smoking cigarettes (18.7% and 5.7%, respectively). If this trend is maintained over time, e-cigarettes are likely to become established as the dominant tobacco product and initial source of nicotine exposure in this age group.
Overall, students' responses indicated a social environment more favorable to the use of e-cigarettes than to smoking cigarettes. Although 42.9% of adolescents predicted that their friends would react positively to their own e-cigarette use, only 31.4% of adolescents predicted a similar response to cigarette use (P difference , .001). Furthermore, although 14.0% of all adolescents thought that e-cigarettes were not harmful (including nearly half of all current e-cigarette users), only 1.4% of adolescents thought the same about cigarettes (P difference , .001). The less favorable social perception and perception of the health risk of cigarettes likely reflect both the known health hazards and success of the long public health struggle to denormalize smoking. However, both tobacco products shared common social risk factors, and a favorable e-cigarette social environment was strongly associated both with e-cigarette use and with smoking. These results raise the possibility that the generally more favorable social perceptions of e-cigarettes could contribute to the "renormalization" of tobacco products generally.
Together, the higher prevalence of e-cigarette use (9.6% current use) relative to the rates of cigarette use (5.7% current use) and the large proportion of e-cigarette users who have never tried cigarettes (.40% of current and past users) suggest that e-cigarettes could lead to nicotine dependence in adolescents who would not otherwise have used tobacco products. In addition, a recent study found that adolescents using e-cigarettes were more susceptible to cigarette use than nonusers on the basis of responses to questions assessing the likelihood of initiation of smoking. 16 Research is needed to determine whether use of e-cigarettes by nonsmoking adolescents could function as a gateway to combustible cigarette use, leading to increases in cigarette use, either by renormalizing smoking and the social acceptability of smoking or by reducing the perceived risks associated with initiation of use as a result of exposure to marketing of e-cigarettes as a cessation aid. 12, 17 Tobacco control measures in California have been successful in reducing cigarette use by adolescents; in our study, cigarette use among southern California adolescents was low. The success of the California availability of tobacco, including youth access. 18 Similar efforts to counteract the normalization of e-cigarette use in adolescent populations (eg, prohibiting sales of e-cigarettes to minors) have very recently been adapted by the California Department of Public Health, including an educational campaign entitled "Wake Up" to warn the public about the dangers of e-cigarettes (http:cdph.ca.gov/pages/ presskits.aspx). Although long-term health hazards of e-cigarettes will not be apparent for several decades, emerging literature suggests potential adverse health effects. [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] Research continuing to investigate the health impact of e-cigarettes in adolescent populations is needed.
Our results suggest that the influence of psychosocial factors on tobacco product use (e-cigarettes and cigarettes) was stronger among , many public universities are limiting the number of students paying in-state tuition rates. The result is that more students attending large academic public universities are out-ofstate and therefore pay higher tuition. The Carnegie Foundation classifies approximately 150 public universities as national leaders in conducting research; these schools tend to have selective admissions criteria. Approximately 500 public universities are categorized as regional because they conduct less research; these tend to have less selective admissions criteria. Both the national and regional universities enroll the same numbers of students. Over the past decade, however, the percentage of in-state matriculants at national and regional universities has dramatically diverged. Between 2000 and 2012, the percentage of in-state matriculants at regional universities held steady at approximately 90%. However, in national universities, the percentage has dropped from 80%. For example, at one large well-known university, less than half the incoming class is from that state. The university has accomplished this by admitting more students -meaning that the same number of students residing in that state is enrolling as before, but more students from other states are being added to the class. Other national universities have taken a different approach. Many have specifically limited the number of in-state matriculants or even reduced the number of in-state applicants they will accept. Others have tightened eligibility for in-state tuition. While higher education financing and recruitment is complicated and tied to prestige, merit scholarships, and other issues, the bottom line is that too many national public universities seem to have forgotten why they were chartered. The goal is to provide educational opportunities for all students, not just those with the most resources.
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